Quantum coherence phenomena have a profound impact in the dynamics of disordered media. A paradigmatic example is the Anderson transition in disordered metals where quantum interference of non-interacting electrons induces their spatial localization, which leads the material to the insulating state beyond a critical amount of disorder 1 . In the vicinity of the transition preceding localization, these systems display eigenstates being neither extended nor localized (see sketch in Fig. 1 ) that show strong fluctuations of their amplitudes at all length scales. Such near-critical eigenstates exhibit multifractal character, i.e., they are formed by interwoven sets of different fractals, each characterized by its own non-integer dimension [2] [3] [4] .
These critical eigenstates' correlations are of fundamental relevance for materials in the presence of disorder since the multifractal regime dominates their electronic, transport and magnetic properties [5] [6] [7] [8] .
When attractive interactions between electrons are present in metals, coherent electronic states such as superconductivity (SC) can emerge in the presence of disorder. In the strong disorder regime beyond the critical value, Anderson localization disables long-range quantum coherence, thus quenching superconductivity in the material. For weak disorder, superconductivity has been shown to be remarkably robust 9, 10 , persisting even in polycrystalline or amorphous materials near the Anderson localization transition 11 .
Nonetheless, even weak disorder strongly affects the superconducting state. For example, recent experimental studies have shown that disorder leads to spatial inhomogeneity 10, 12, 13 and emergent granularity 14 in the superconducting order parameter. Despite these findings demonstrate the intricate interplay between disorder and superconductivity, the mere existence of the superconducting state in the multifractal regime remains unexplored, and the hypothetical signatures of multifractality on its fundamental properties have been mostly theoretically addressed so far [15] [16] [17] [18] . Such investigation seems particularly suitable in 2D materials since, unlike in 3D materials where multifractality only arises in a narrow range of disorder near the critical point, multifractality is expected to emerge in 2D for a broad range of weak disorder strengths, which facilitates its experimental observation 18, 19 . The existence of multifractal properties in 2D superconductors is also expected to shed light on long standing problems such as the observed intermediate metallic state at low temperatures [20] [21] [22] , and variations of the superconductivity strength as the 2D limit is approached [23] [24] [25] .
2D is the marginal dimension for both localization and superconductivity. The scaling theory predicts that in an infinite 2D system all electronic eigenstates are localized regardless of the disorder strength 26 , thus precluding the development of the multifractal regime and, subsequently, the superconducting state. However, this is only valid for infinite 2D systems with time reversal symmetry and, therefore, 2D systems with spin-dependent hopping exhibit a metallic ground state for sufficiently weak disorder compatible with both the multifractal regime and superconductivity. 2D materials develop multifractality provided the size of the material is smaller than the localization length ξ, which can be extremely large in the weak disorder regime (it scales exponentially with the inverse of the disorder strength, i.e. ξ ∝ l·exp(πk·l/2), where k is the wavevector and l is the mean-free path Our experiments were carried out on submonolayer NbSe 2 films grown on epitaxial bilayer graphene (BLG) on 6H-SiC(0001). The typical morphology of our samples ( Fig. 2a) shows NbSe 2 islands uniformly distributed on the BLG/SiC(0001) terraces. Atomically resolved STM images of the islands (see Fig. 2b ) exhibit high crystallinity of the NbSe 2 samples and show that the main source of defects are island edges as well as 1D grain boundaries (see Fig. 4b ), a common type of defect in epitaxially grown TMD materials 27 . On the contrary, the density of point defects such as vacancies or adatoms is quite low in our MBE-grown samples (< 1·10 12 defects/cm 2 ). Previous work on single-layer NbSe 2 has revealed that superconductivity (SC) is severely depressed in the few-and single-layer previously observed in the pseudogap regime of high T c cuprates 37, 38 . Importantly, the distribution shows a marked right-skewed behavior, which is reproduced in all the single-layer regions studied here, although with different degrees of asymmetry as shown in Fig. 5b . Here we show a set of three experimental distributions of the SC width (dots) from regions with likely different degrees of intrinsic disorder. Presumably, both the width of the distribution and its degree of asymmetry increase with the amount of disorder. The skewness is only observed in the statistics of the SC order parameter. In contrast, the distributions of the depth of the SC gap as well as the spatially resolved conductance around E F (± 10 mV) for the same regions are seen symmetric and closely fit to a Gaussian distribution (see Supplementary Information).
In order to understand the statistics of the spatial modulations of the SC gap, we theoretically modelled single-layer NbSe 2 as a system close to the Anderson metal-insulator transition. In this regime, electronic states exhibit a multifractal character characterized by an anomalous scaling of the inverse participation ratio and a power-law decay of eigenstate correlation functions 2-4 (see Supplementary Information) . The combination of multifractal electronic eigenstates and superconductivity leads to singular properties that largely depend on the spatial dimensionality. In 3D, where multifractality only emerges in the strong disordered limit (γ = g -1 ≈ 1, with g the Thouless conductance), the superconducting state was predicted to be characterized by a spatially homogenous SC gap but substantially enhanced with respect to the clean limit [15] [16] [17] . In the 2D limit 39 , multifractal superconductivity emerges in the weak disorder regime 18 (γ << 1). The SC gap shows a large spatial inhomogeneity well modelled by a log-normal distribution:
with the Debye energy, 0 an energy scale related to correlations of multifractal eigenvectors, and ∆ ̅ the average gap (see Supplementary Information for details). Here γ is directly proportional to the disorder strength of the system and eq. 1 is valid for = 8 ⁄ ≪
1.
We have used this expression to fit the statistical distributions of the SC width maps measured in different regions of single-layer NbSe 2 . As can be seen in Fig. 5a , the experimental right-skewed distribution of the SC width is well described by the log-normal distribution in the multifractal regime (dashed orange line). This fit yields a small γ value of 0.13 (within the range of applicability of eq. 1), which indicates that our NbSe 2 regions are barely defective.
Regions with slightly different disorder can be nicely fitted to log-normal distributions (Fig.   5b ), yielding in all the cases small γ values ( ≪ 1) -see inset in Fig. 5b and supplementary material. This set of distributions illustrates the evolution of the SC gap width with the disorder strength. As disorder (γ) increases, the statistical distribution of the SC gap width broadens and the mean SC gap value (∆ ̅ ) decreases. This result implies that multifractality impacts 2D superconductivity even in the weak disorder regime and, therefore, it governs the fundamental properties of 2D superconductors throughout the metallic regime.
In the weak disorder regime, while superconductivity is largely affected by the multifractality of the electronic states, its effect on the conductance in the SC state is not observable in light of its nearly symmetric distribution (see Supplementary Information for the conductance distributions). The reason for this is that, according to BCS theory, the SC gap depends exponentially on the coupling and, therefore, small changes in the coupling induce comparatively large changes in the gap. Therefore, superconductivity amplifies the effect of multifractality and enables its observation in nearly pristine 2D superconductors.
In order to corroborate the multifractal nature of the superconducting state in singlelayer NbSe 2 , we investigate the spatial correlations of the SC gap Δ(r), a fundamental property of the multifractal state. In addition to the log-normal distribution, another signature of multifractality is the power-law decay of eigenstate correlations for length scales larger than the mean free path 40 (~ nm, see note 41 ). 
with the same exponent γ that governs the decay of the multifractal eigenstates (γ = 0.2 ± 0.1 in Fig. 5a ). The power-law decay is a robust feature in all the studied regions and for relatively long scales (0.7 < | − ′| < 7 ). The fits to power-law functions in the studied regions yield γ values in qualitative agreement with those independently obtained from the log-normal distributions. In good agreement with our theoretical predictions 18 , islands with smaller γ values present a power-law decay followed by faster decay (likely exponential) for longer distances.
In summary, we provide experimental evidence of the elusive multifractal superconducting state in a prototypical 2D correlated system triggered by disorder and low dimensionality. We demonstrate that multifractal characteristics fully manifest in the superconducting state even in the weak disorder regime. Multifractality is therefore expected to dominate the superconducting properties of the recently discovered family of highly crystalline 
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Methods
Single-layer NbSe 2 was grown by molecular beam epitaxy (MBE) on epitaxial BLG on 6H-SiC(0001) at the HERS endstation of Beamline 10.0.1, Advanced Light Source, Lawrence
Berkeley National Laboratory (the MBE chamber had a base pressure of ~ 1 × 10 -10 Torr). We used SiC wafers with a resistivity of ρ ~ 300 Ω·cm. The epitaxial BLG substrate was prepared by following the procedure detailed in refs. [42, 43] . High purity Nb and Se were evaporated from an electron-beam evaporator and a standard Knudsen cell, respectively. The flux ratio of Nb to Se was controlled to be ~ 1:30. The growth process was monitored by in-situ RHEED and the growth rate was ~17 minutes per layer. During the growth the substrate temperature was kept at 600 K, and after growth the sample was annealed to 670 K. To protect the film from contamination and oxidation during transport through air to the UHV-STM chamber, a Se capping layer with a thickness of ~10 nm was deposited on the sample surface after growth. 
